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Introduction
The first genes causing susceptibility to breast/ovarian cancer (BRCA1/2 genes) were identified approximately twenty-five years ago [1] . Since then, BRCA1/2 genetic testing has progressively become routine clinical practice in France [2] and in other industrialized countries [3] [4] [5] . A systematic review on risk assessment, genetic counselling, and genetic testing for BRCA-related cancer in women was recently performed to update the U.S. Preventive Services Task Force Recommendations (USPSTF) for care [6, 7] . One of the positive outcomes of BRCA1/2 genetic cancer testing is that when a pathogenic germline variant has been identified, surveillance and preventive strategies can reduce breast/ovarian cancer incidence and increase life expectancy [7, 8] . However, while there is sufficient evidence to show the benefit of risk-reducing surgery for breast/ovarian cancer, evidence is lacking for intensive screening [9] . Women's behaviors in terms of risk reduction and surveillance have been described up to 5 years after testing [10] [11] [12] . Results from different studies have highlighted the favorable impact of genetic testing, since the majority of those identified with BRCA1/2 mutations in those studies adopted preventive strategies, including risk-reducing surgery and/or surveillance using imaging technologies. Another major outcome of a positive mutation test is that the risk of breast cancer running in a family can be assessed, that uncertainty regarding genetic risk can be removed, and strategies can be implemented to protect children and future generations [13] .
Some studies have shown that among the other outcomes of BRCA1/2 genetic cancer testing, breast cancer-related worry, anxiety and depression all increase in women testing positive, and decrease in those testing negative. These findings are not consistent across all the studies examined [7, 14] . One meta-analysis highlighted the importance of the time when such variables are measured, as the stress induced by a positive test result may decrease over time [15] . In some studies, risk perception improved after receiving test (positive or negative) results [7] , and increased in those identified as BRCA1/2 mutation carriers who had not had risk-reducing mastectomy 5 years after test results [10] . Other studies have pointed out the risks of familial conflict after the disclosure of results [16, 17] , and the risk of misinterpretation of results by families [18] . From a legal point of view, many countries have enacted laws to protect individuals from discrimination, for example the Genetic Information Non-discrimination Act in the United States, and the Genetic Non-Discrimination Act in Canada. In France, a law was enacted in 2005 (2002-303 Art. L. 1141-1), which prohibits health and life insurance companies as well as employers from using genetic information based on an 'analysis of genetic characteristics' to the detriment of carriers. However, a study conducted among French unaffected BRCA1/2 carriers pointed out that the risk of occupational discrimination may nonetheless exist [19] . The negative concerns highlighted above might counterbalance the positive outcomes of testing, resulting in a reduced desire by members of families who already have a history of breast cancer to go for testing.
In parallel, the attitude of primary care providers towards risk assessment and genetic testing has been described as a key determinant of how women approach testing and clinical management. One study showed that almost half of the women who considered clinical testing for BRCA1/2 mutations wanted to have their primary doctor's opinion first [20] . Other studies have highlighted disparities in the recommendations-largely attributable to physicians-provided to women as regards BRCA1/2 testing [20] [21] [22] [23] . The attitudes of primary care providers towards surveillance and prophylactic surgery have also been described as important in the management of identified BRCA1/2 mutation carriers. A study among newly diagnosed breast cancer patients carrying a BRCA1/2 mutation demonstrated that physicians' recommendations influenced their decision to undergo a contralateral prophylactic mastectomy [24] . Moreover, one international study found considerable differences between different countries in physicians' attitudes towards prophylactic mastectomy [23] . This heterogeneity in attitudes would suggest differences in the counselling provided to patients concerning prophylactic surgery and BRCA1/2 genetic testing.
Since primary care providers refer high-risk populations to genetic cancer testing clinics, it is important to describe their overall assessment (i.e., positive or negative) of the testing process. To our knowledge, little information is currently available on this subject. Furthermore, no instruments have as yet been developed to evaluate each of the process's specific expected benefits and drawbacks. Developing and validating such an instrument would enable international comparison, as well as the study of changes over time of stakeholders' perceptions of genetic cancer testing.
Our primary objective therefore was to develop a generic scale for assessing attitudes towards genetic testing, and to psychometrically assess these attitudes in the context of BRCA1/2 among a sample of French general practitioners, breast specialists and gyneco-obstetricians. Accordingly, we named the scale the "Attitudes Towards Genetic Testing for BRCA1/2 (ATGT-BRCA1/2) Scale".
Materials and methods

The InCRisC study
The International Cancer Risk Communication Study (InCRisC) is a multicenter European research project describing cancer risk communication practices and the management of familial breast cancer in primary care. It was carried out in 2010 in four European countries (France, Germany, the Netherlands and the UK). Questionnaires taking approximately 25 minutes to complete were mailed to a sample of general practitioners (GP) and breast specialists (BS) in each of these four countries. The French sample also included gyneco-obstetricians (GO) as they are very involved in patient referral for genetic cancer testing in France. The study's methodology was reviewed and approved by the German Federal Ministry of Education and Research "Ethical, Legal and Social Implication of Biomedical Research" program, which also funded the project. A detailed description of the study design has been published elsewhere [23] .
French data
Only data from completed French questionnaires were considered for the present work. The list of French doctors for inclusion in InCRisC was generated using simple random sampling from the database of the technology and services company CEGEDIM ("Centre de Gestion, de Documentation, d'Informatique et de Marketing"): GP (N = 750), BS (N = 352) and GO (N = 750). Practitioners who did not have at least one encounter with a breast cancer patient during the year prior to the survey were excluded from the analysis.
Questionnaire
The InCRisC questionnaire collected data on personal (gender, age) and occupational characteristics (number of years working in specialized field, number of medical students in practice, area of practice). GP were also asked approximately how many patients consulted them per week, while BS and GO were asked about the number of newly diagnosed breast cancer patients who had consulted them during the previous year.
Nested in the questionnaire were 15 items, developed by international experts in the BRCA1/2 genetic testing field who are all co-authors of this manuscript (GE, HH, AT, CA, JS, IN, CJR), to evaluate attitudes towards BRCA1/2 genetic testing. The first 14 assessed positive (8 items) and negative (6 items) expected outcomes of BRCA1/2 genetic testing. The last assessed overall agreement with the statement that the expected health benefits of BRCA1/2 testing exceeded the drawbacks, thereby justifying its prescription ( Table 1 ). All 14 positive/ negative items were worded in such a way that they could be answered by practitioners, patients and the general population. Only one item (number 7) was worded specifically for BRCA1/2 genetic testing. These choices in wording were made in order for these items to be easily reusable in other genetic testing contexts.
Statistical analysis
Principal component analysis. Principal Component Analysis was first carried out on data from doctors who answered all 14 positive/negative items. The aim of this analysis was to investigate the patterns underlying doctors' responses to the items and extract independent dimensions that might explain most of the variance in the sample.
In line with Kaiser's criterion, only dimensions with eigenvalues >1 were selected. A factorial analysis with an orthogonal rotation (Varimax) was performed to simplify the interpretation of the results obtained for the selected dimensions. The rates of variance explained by them were determined and factor loading values verified. Only items with a factor loading >|0.40| on a single dimension were selected for inclusion in the new scale.
Scale quality criteria. Dimensions were selected using Principal Component Analysis. Each was associated with a different number of the questionnaire's 14 positive/negative items and was used to define a sub-scale. The score obtained for each sub-scale was computed by summing the answers to the particular items associated with that dimension: for the 8 positive benefit items (items 1 to 8), scores for answers were as follows: not at all beneficial = 0; slightly beneficial = 1; somewhat beneficial = 2; beneficial = 3; very beneficial = 4.
For the 6 negative consequence items (items 9 to 14), scores were as follows: very low/none (likelihood) = 0; low = 1; moderate = 2; high = 3; very high = 4).
Total scores for each dimension were linearly transformed to range from 0 to 100. In each sub-scale, the floor and ceiling effects, defined as the percentage of subjects with the lowest and highest possible scores, respectively, were examined and compared with the 15% threshold described as causing an abnormal score distribution [25] .
The Internal Consistency method was used to assess the reliability of each sub-scale, and Cronbach's α coefficient was computed to establish the internal consistency of each set of items. For each sub-scale, in order to avoid redundancy, items for which the coefficient increased when they were removed were eliminated.
Pearson's correlation coefficients between the dimensions were computed for each possible pairing of the selected dimensions. In each case, the correlation coefficient was then compared In your opinion what are the potential benefits of predictive genetic testing for an unaffected patient in whose family a BRCA1 or BRCA2 mutation has been identified? with the two associated Cronbach's α coefficients. If the correlation coefficient was lower than the Cronbach's α value, the dimensions were considered to measure different aspects [26, 27] . The construct-related validity was determined by assessing each item's convergent validity (the correlation between an item and the dimension to which it belonged had to be greater than 0.40) and its discriminant validity (the correlation between an item and the dimension to which it belonged had to be greater than that obtained for the item and the other dimensions).
To determine the ability of the overall new scale (i.e. the sub-scales together) to discriminate between doctors in terms of their attitudes to genetic testing and characteristics (gender, age and specialty), comparisons were made with the overall indicator of agreement item (i.e., that benefits of BRCA1/2 testing exceeded the drawbacks). Criterion validity comparisons were made by performing analyses of variance and linear regressions, taking p-values of less than 0.05 to be statistically significant. The software package SPSS/PC version 18.0 was used to perform various analyses.
Results
Sample characteristics
Of the 1852 French doctors contacted by mail, a total of 751 (275 GP, 182 BS and 294 GO) were included, giving an overall response rate of 40.5% (36.7%, 51.7% and 39.2% among GP, BS and GO, respectively). GP and BS comprised mostly men (62.9% and 88.5%, respectively) while GO comprised mostly women (63.9%), p<0.001. Mean age was comparable between BS and GO (52.3 years and 51.9 years, respectively), while GP were slightly younger (48.5 years, p<0.001).
Description of the characteristics of the 14 scale-specific positive/ negative questionnaire items A description of the 14 scale-specific positive/negative questionnaire items is provided in Table 1 . Missing data accounted for 2.1% ("Psychological distress from being identified as a mutation carrier, due to increased risk of breast cancer") to 6.5% ("Access to clinical trials") of answers. Mean scores were all above 2 (possible range 0 to 4), except for item 11 ("Potential abuse of results by third party resulting in limited employment opportunities") whose mean score was 1.87. The highest score was 3.49 for item 5 "Access to increased surveillance and screening".
In the subsequent analyses, the study population was reduced to the 659 doctors (87.7%) who answered all 14 positive/negative items. These 659 doctors included a higher proportion of GP (38.5%) and a lower proportion of GO (37.8%) than the proportion of doctors (n = 92) who did not answer all the items (GP: 22.8%, GO: 48.9%, p = 0.01). No other difference was found between these two groups and no difference in the proportions of respondents and non-respondents was observed for BS.
Principal component analysis
Principal Component Analysis was conducted on the 659 doctors' answers to the 14 positive/ negative items. Three independent dimensions with eigenvalues > 1 were identified and selected. The various questionnaire items loaded onto each dimension had a loading factor > | 0.40|. The three dimensions selected explained 53.4% of the variance (Table 2) .
Quality criteria
The first sub-scale identified included items 9 to 14 which corresponded to expected drawbacks of genetic testing. This sub-scale was labelled "Anxiety, conflict and discrimination".
Cronbach's α for this sub-scale was 0.79 (Table 3 ). The score obtained by summing replies to all 6 items, and transformed in order to obtain a range of values from 0 to 100, yielded a mean score of 59.7 (SD = 19.4). The observed range of values covered all the range of possible values.
The second sub-scale included items 1 to 4 which corresponded to expected benefits and was labelled "Risk Information". The scores calculated for this second dimension ranged Scale for assessing attitudes towards outcomes of genetic cancer testing from 0 to 100, with a mean score of 72.9 (SD = 16.3). Observed values ranged from 18.8 to 100. Cronbach's α for this second sub-scale was 0.76. The third sub-scale was labelled "Prevention-Surveillance", and included items 5 to 8 which also corresponded to expected benefits. These scores also ranged from 0 to 100. Mean score was 75.4 (SD = 14.6), and observed values ranged from 12.5 to 100. Cronbach's α for this third sub-scale was 0.62.
No floor or ceiling effects beyond the 15% threshold were observed for the three sub-scales, and each inter-scale correlation coefficient was lower than the corresponding Cronbach's α (Tables 2 and 3 ). In each of the three dimensions, all items met both convergent validity and discriminant validity criteria.
The new scale which we created included all 14 positive/negative items described and analyzed above. We named it the "Attitudes Towards Gene Testing for BRCA1/2" (ATGT-BRCA1/2) Scale". The overall score obtained for this scale was a linear combination of the three sub-scores, each one contributing equally [28] , and transformed to obtain a range of values between 0 and 100 (i.e., (subscale scores 2+3-subscale score 1 +100)/300). An overall positive score denoted an overall positive attitude towards BRCA1/2 genetic testing. The observed values of the score ranged from 19.8 to 95.3, with a mean value of 57.2 (SD = 11.9). No floor or ceiling effects were observed and Cronbach's α was 0.73.
Criterion validity
Fifty-five point one percent and 30.5% of doctors, agreed and strongly agreed, respectively, with the statement that the expected health benefits of BRCA1/2 genetic testing exceeded expected drawbacks by a sufficiently wide margin to justify prescribing the test (Table 1) . Only 11.1% disagreed or strongly disagreed with this statement. As shown in Table 3 and in Fig 1, this overall indicator was strongly associated with all three sub-scales, as well as with the overall scale.
Finally, when comparing scores according to physicians' characteristics, male physicians scored lower on the first dimension, as well as breast surgeons (Table 4) . By contrast, breast surgeons scored higher on the third dimension, as well as on the overall scale. No characteristics were associated with the second dimension.
Discussion
BRCA1/2 genetic cancer testing helps to reduce breast/ovarian cancer incidence and increase life expectancy [7, 8] . However, concerns regarding anxiety, distress, familial conflict and/or discrimination [7, [14] [15] [16] [17] 19] can influence the decision to go for testing, especially in individuals from families with a history of breast cancer. This decision may also be influenced by physicians' attitudes to testing, as stressed by several studies [20] [21] [22] [23] [24] .These considerations highlight the importance of documenting patients' and physicians' attitudes to testing, especially those of primary care providers as they are the professionals who refer high-risk populations to genetic cancer testing clinics.
In the development of the new Attitudes Towards Gene Testing for BRCA1/2 (ATGT-BRCA1/2) Scale for assessing positive and negative outcomes of BRCA1/2 genetic testing, three dimensions were identified. One reflected the expected drawbacks of genetic testing and two the expected benefits (a family-based dimension and a medical management dimension). The overall scale score combined perceptions towards both positive and negative outcomes of genetic testing. The three dimensions examined each correlated with the overall indicator. The reliability coefficients were above 0.7 for the first and second subscales, as well as for the overall indicator. This threshold of 0.7 is commonly recommended as being indicative of sufficient https://doi.org/10.1371/journal.pone.0178447.g001
Scale for assessing attitudes towards outcomes of genetic cancer testing reliability [29] . However, in exploratory research, the acceptable threshold may be lowered to 0.6 [30] [31] [32] [33] [34] , which means that in the present work the third subscale can also be considered as reliable. Globally, the psychometric properties of this scale were satisfactory in terms of construct validity, internal consistency and criterion validity, making it a valid tool to measure attitudes towards genetic testing. The rates of missing data were low. The highest missing data rate-6.5% for item 6 (positive) regarding "Access to clinical trials"-can be explained by the fact that clinical trials cover a range of different contexts depending on the type of trial (phase I, phase II or phase III) and on what is being evaluated [35] . Accordingly, the expected benefits differ from one trial to the next, and inclusion does not necessarily represent hope for the patient (for example, situations where phase I trials are proposed to patients because there is no alternative treatment to offer them). Consequently, people may therefore find it more difficult to evaluate this item.
Few questionnaires on genetic testing currently exist. Examples are the MICRA scale (Multidimensional Impact of Cancer Risk Assessment), which evaluates the impact of disclosure after genetic testing [36] , and the PAHC questionnaire (Psychosocial Aspects of Hereditary Cancer) [37] , designed to assess problems related to cancer genetic counseling. The Impact of Event Scale (IES) mainly focuses on psychological distress [38] . Moreover, these scales target specific patients. On the contrary, our new scale was conceived to be as generic as possible, and may be used for different populations, such as patients, caregivers, healthcare providers, as well as individuals in the general population. This gives it a major advantage as attitudes may be directly compared between different populations.
Another advantage of this new scale is that its items are not specific to BRCA1/2 genetic testing (except for item 7 which refers to prophylactic surgery). This was a design choice by the developers in order to make the scale suitable for use in other genetic contexts, such as MLH1 or MSH2, for colorectal cancer, but also for non-cancer related contexts. It may also be adapted to new genetic testing processes. As pointed out above, only the labelling of item 7 would need to be adapted to the specific context. In our population of professional caregivers, the median score of the overall scale was over 50 (out of 100), which shows that BRCA1/2 genetic testing was, overall, considered positively by French physicians, especially by breast surgeons. This was consistent with the response to item 15 of the questionnaire (i.e., the overall indicator). This result may be a little surprising since French care providers were identified as less favorable to prophylactic mastectomy than their UK, German and Dutch counterparts [23] . However, this fact might be explained by the strong probability that the latter would provide an even higher score on this scale were they to answer the same 14 items, and also because this assessment explores several different aspects of genetic testing (i.e., more than just medical management aspects like prophylactic mastectomy), thereby reflecting a more comprehensive perspective by French physicians. Accordingly, the differences between countries might not be so large. The next step would be to validate and compare the scores of physicians of the other European countries who took part in the InCRisC study.
It would also be interesting to compare the attitudes of physicians with those of patients who have BRCA1/2 gene mutations. One may hypothesize that the latter would have higher positive scores on this scale, but also higher negative scores given that it is they who physically undergo the test.
Studying changes over time in attitudes to testing among BRCA1/2 mutation carriers but also among physicians and the general population might also be an interesting perspective. The new tool proposed here might also be sensitive to possible future evolutions in attitudes, either positive or negative, as genetic testing techniques are improved.
Moreover, a future step in the implementation of this tool would be to determine informative thresholds for each dimension which could then be used when applying this scale. This would help evaluate which of the three dimensions would most determine an individual's overall attitude towards genetic testing.
Some study limitations have to be acknowledged. First, the questionnaire response rate obtained was low despite the reminders made by mail and telephone. It is very probable that a large proportion of the physicians who agreed to answer the questionnaire had extreme positive or negative opinions towards genetic testing. Therefore, the low response rate certainly reduces the possibility of generalizing the results, as it lacks the views of physicians with moderate opinions. Second, validation was performed on the physicians who answered all 14 positive/negative items. Comparisons with physicians who did not answer all 14 items showed that the proportion of GO in the former group was higher. Moreover, it remains uncertain if a net positive score on our scale can be translated into actual endorsement of genetic testing and/or referral of patients for genetic counseling or testing. This will have to be analyzed in further studies. Finally, before using this instrument in other settings, further research should be performed to validate this three-dimensional scale in other populations, in BRCA1/2 carriers in particular, and in genetic contexts outside BRCA1/2. Despite these limitations, this new tool provides a novel means to measure physicians' assessment of the expected benefits and drawbacks of BRCA1/2 genetic cancer testing.
Further studies are required to assess the possibility of extending the present results to other contexts. The scale we developed may be adapted to other genetic contexts, and administered to other sub-populations, patients, providers and general populations. The work described here is the first step in the validation of this scale. Further research is now required to confirm the validity of the findings obtained for the three subscales by applying this tool to other populations in other settings. 
